Detailed investigations of structural damage caused by earthquakes clarify that a seismic ground motion is amplified to cause severe damage on a ground which has geological or topographical irregularities. In the Hyogoken-Nanbu Earthquake (1995), a severe damaged belt zone called "Seismic disaster belt of JMA intensity 7" emerged. This phenomenon is caused by the complicated wave propagation due to the geological or topographical irregularities 1) . Various studies have been conducted about the wave propagation mechanism 2) ～ 4) . Most of these studies are based on an assumption that a ground behaves in a linear manner. On the other hand, it is well known that the ground behaves in a non-linear manner during a large earthquake. To clarify the response characteristics of the ground with geological or topographical irregularities during a large earthquake, it is necessary to conduct a numerical analysis considering such a nonlinear soil behavior.
A two-dimensional finite element model (FEM) is used for the seismic response analysis of in-plane motions (P-SV wave) with particular interest in the nonlinear soil behavior. For this purpose, the modified Ramberg-Osgood hsyteresis model is implemented. To treat the truly nonlinear response, a time domain analysis from a step-by-step integration method is conducted. Soil shows a pronounced nonlinear shear behavior under strong loading which leads to a decrease in the shear modulus with an increase of the shear strain. Under symmetrical cyclic loading, hysteresis loops are formed by the softening nature and therefore, material damping is produced. If the initial loading curve is described in a function form, the hysteresis loop can easily be constructed on the rule of the Masing's hypothesis to model the behavior under repeated symmetric loading.
A simple but meaningful model to represent the soil behavior may be constructed by a hyperbolic function as proposed by Hardin and Drnevich 6) . Previous extensive studies on soil dynamics also suggest the effectiveness of the modified Ramberg-Osgood model (modified RO model) to interpret the shear stress-strain relationship 7) . The RO model formula is expressed by
The parameters involved are
in which G 0 is the initial shear modulus, h max is the damping factor when the shear strain γ approaches infinite and γ r is the reference strain. τ a and γ a are values of shear stress and strain, respectively, at the last reversal under cyclic loading. In this study, an in-plane response analysis is conducted in order to analyze P and SV wave propagation in a soft ground accumulated on a non-flat base. For an out-of-plane (SH wave) analysis, the non-linear shear stress-strain model mentioned in section 2.1, can be adopted because the wave propagation is limited to a shear wave. For the in-plane analysis, not only the shear stress τ xy but also the normal stresses σ xx and σ yy must be taken into account (Fig.1) . Under the plane-strain assumption, the relationship between the stresses and the strains is defined as follows. 
where ν is the Poisson's ratio. soil condition, however, the Mohr's circle must be reduced to the circle B with the radius of τ max n because τ max becomes small due to the decrease in the shear modulus. The function that describes the stress-strain relationship such as the R-O model is applied to determine τ max n by using the maximum shear strain γ max shown in eq. (6). 8) Namely, the maximum shear stress is reduced to follow the variation of the shear stress τ according to γ with the angle ϕ unchanged. The unbalanced stress due to this shift is given by
The FEM discretization is executed to encompass the concerned soft soil deposit together with the surrounding base rock. The original displacement is represented by nodal displacements and the stresses are interpreted by the associated nodal forces. The non-linearity of the softening soil yields reduced restoring stresses as the strain grows. Such effect is accounted for as the unbalanced load { } σ ∆ . A truly nonlinear computation is conducted by "the equivalent load transfer method" for such an unbalanced restoring force vector { } σ ∆ through iteration for the initial stiffness system.
The governing equation of motion is described for the i-th step as In this study, parametric analyses are conducted with a simple two-dimensional ground model shown in Fig.3 . The viscous boundary is assumed at the bottom of the FEM area in order to absorb the scattering wave from the FEM domain into the infinity domain. On the other hand, the simple slide boundary is assumed on both sides of the FEM area. The corresponding one-dimensional analyses are also conducted for comparison.
The properties of the ground model are listed in Table  1 . The inertial viscous damping is changed. Linear analysis and non-linear analysis are conducted. that propagates into the vertical direction, a secondary wave is generated in the base slant area and propagates into the horizontal direction. (2) The amplitude of the secondary wave is strongly controlled by the inertial viscous damping h of surface layer. (3) Even if the input motion has only a horizontal component, the secondary wave has the vertical component. Figure 5 shows snapshots of wave propagation in displacement vectors.
(1) The secondary wave is generated at the basin edge area to spread from the base slant area to the base flat area. (2) From an observation of the trace motion, this horizontally propagating wave is interpreted as the Rayleigh wave. Figure 6 shows the distribution of maximum response acceleration along the ground surface.
(1) The horizontal acceleration becomes larger as the accumulation layer is thick. The acceleration takes a peak value at the location a slightly away from the inclined base tip. (2) At the end of inclined base area, the acceleration obtained from two-dimensional analysis gives rise to a larger peak response than that obtained from onedimensional analysis. The result of two-dimensional analysis converges to that of one-dimensional analysis as the position becomes far from the tip of the basin edge. (3) Figure 7 shows the ratio of the maximum acceleration of 2D analysis to that of 1D analysis. When the ratio is larger than 1.0, the wave is amplified by the effect of the basin edge. The largest amplification ratio is shown at the location a slightly away from the inclined base tip. The amplification ratio becomes larger as the inertial viscous damping becomes smaller. Figure 8 shows the mechanism why to amplify the ground motion by the basin edge effect. The laterally propagating wave is defined by detecting the 1D result from the 2D result. A comparison between the laterally propagating wave and the vertically propagating multireflection wave indicates that these two waves interfere with each other and the ground motion is amplified where phases are overlapped. The location of overlap is limited to a narrow region. The non-linear response characteristics of soil deposit in the slant base are discussed for the P-SV wave. Figure 9 shows the horizontal and vertical components of response acceleration time histories. Figure 10 illustrates the shear stress-strain hysteresis loop into the depth direction (z=2, 6, 14m).
(1) In addition to the multi-reflection wave that propagates into the vertical direction, the secondary wave is generated in the base slant area and propagates into the horizontal direction. This secondary wave is interpreted as the Rayleigh wave. As a result, even if the input motion has only a horizontal component, the vertical component of wave motion occurs. (1) Soil shows a pronounced nonlinear shear behavior under the strong input motion, which leads to a decrease in the shear modulus with a decrease in the input acceleration. The relationship between stress and strain shows a non-linear hysteresis loop (Fig.10) . (2) The surface soil shows a predominant nonlinear behavior as input motion becomes large, which leads to an increase in the ratio of 2D/1D. The amplification ratio, in particular, reaches 2.0 in a 750(gal) input (Fig.11) , which is larger than that of linear analysis. (3) The location where the ratio of 2D/1D reaches a peak value varies from that of the linear analysis. On the other hand the secondary wave (vertical wave component of 2D FEM analysis) becomes 4.42 times, which is larger than that of SH wave. This fact indicates that the secondary wave receives a smaller effect by the soil non-linearity than the shear wave. (2) The traveling velocity of the secondary wave decreases due to the decrease in the soil stiffness (see Fig. 8 ). In this study, the two-dimensional FEM computer program is developed which can take into account the soil non-linearity. From an analytical study, the characteristics of nonlinear wave propagation in soil deposit with a basin edge are clarified. As a result, the following results are obtained.
(1) In addition to the multi-reflection wave that propagates into the vertical direction, a secondary wave is generated in the base slant area to propagate into the horizontal direction. (2) The vertically propagating multi-reflection wave and the horizontally propagating secondary wave collide with each other and the wave motion becomes larger in local areas. (3) Because the stiffness of soil decreases, the traveling velocity of the secondary wave decreases. In nonlinear analysis the location where these two waves collide with each other varies from that of linear analysis, as a result,. (4) Both amplitudes of the shear wave and those of the secondary wave decrease due to the soil non-linearity. But the decreasing ratios are not equal. This fact indicates that the secondary wave receives less a small effect by the soil non-linearity than by the shear wave.
